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Abstract of JP9320792 

PROBLEM TO BE SOLVED: To provide an X- 
ray generator using buffer gas for inhibiting 
scattering particles from a plasma X-ray 
source, capable of reducing, adhering and 
deposition of the scattering particles in 
convenient, relative to an X-ray extracting 
direction and capable of being used constantly 
for a long time as a result, even if plasma 
generation is long at a short time intervals. 
SOLUTION: An X-ray generator is constituted 
to irradiate a target member 401 in a pressure- 
reduced vacuum container 443 with an 
exciting energy beam 41 1 , form a plasma 402, 
and extract and X-ray from the plasma 402 so 
that buffer gas is used to inhibit scattering 
particles to be radiated from the target 
member 401 and/or the plasma 402. In this 
case, the X-ray generator is provided with a 
scattering particle-inhibiting member 422 
adjacent to or in the vicinity of a solid angle 
area 412, equivalent to a range in which the X- 
ray is to be extracted and a scattering particle 
dispersion inhibiting member 433, having a 
movable part 432 that can pass through the 
solid angle area 412. 
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[Title of the Invention] X-RAY GENERATOR 

[ABSTRACT] 

[Problem] To provide an X-ray generator using a buffer 
gas for inhibiting scattered particles from a plasma X-ray 
source, capable of reducing inconvenient adhesion and 
deposition of the scattered particles with respect to an X- 
ray extracting direction, and capable of being used stably 
for a long time as a result, even if plasmas are generated 
at short time intervals for a long time. 
[Solution Means] An X-ray generator is constituted to 
irradiate a target member 401 in a pressure -reduced vacuum 
container 443 with an exciting energy beam 411. form a 
plasma 402, and extract an X-ray from the plasma 402 so 
that a buffer gas is used to inhibit scattered particles 
released from the target member 401 and/or the plasma 402. 
In this case, the X-ray generator is provided with: a 
scattered particle Inhibiting member 422 disposed adjacent 
to or in the vicinity of a solid angle area 412 
corresponding to a region in which the X-ray is extracted; 
and a scattered particle diffusing and inhibiting member 
433 having a movable part 432 that can pass through the 
solid angle area 412. 

[CLAIMS] 

[Claim 1] An X-ray generator which irradiates a target 
member in a pressure -reduced vacuum container with an 
exciting energy beam to form a plasma and extract an X-ray 
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from the plasma and which uses a buffer gas for inhibiting 
scattered particles released from the target member and/or 
the plasma, the X-ray generator comprising: 

a scattered particle inhibiting member disposed 
adjacent to or in the vicinity of a solid angle area 
corresponding to a region in which the X-ray is extracted; 
and 

a scattered particle diffusing and inhibiting 
member having a movable part that can pass through the 
solid angle area. 

[Claim 2] An X-ray generator which irradiates a target 
member in a pressure-reduced vacuum container with an 
exciting energy beam to form a plasma and extract an X-ray 
from the plasma and which uses a buffer gas for inhibiting 
scattered particles released from the target member and/or 
the plasma, the X-ray generator comprising: 

a scattered particle intercepting member which has 
an opening to pass the exciting energy beam and another 
opening to pass the X-ray and which intercepts the 
scattered particles released from the target member and/or 
the plasma and which is disposed in the vicinity of the 
target member and the plasma; 

a scattered particle inhibiting member disposed 
adjacent to or in the vicinity of a solid angle area 
corresponding to a region in which the X-ray is extracted; 
and 

a scattered particle diffusing and inhibiting 
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member having a movable part that can pass through the 
solid angle area. 

[Claim 3] The X-ray generator according to claim 1 or 2 , 
wherein introducing and discharging of the buffer gas are 
controlled so as to bring the inside of the vacuum 
container into a predetermined pressure range. 
[Claim 4] The X-ray generator according to claims 1 to 3, 
further comprising: 

a mechanism which introduces the buffer gas into 
the solid angle area and which discharges the buffer gas 
together with the scattered particles from the solid angle 
area. 

[Claim 5] The X-ray generator according to claims 1 to 4, 
further comprising: 

a scattered particle control member which controls 
a direction distribution of a release amount of the 
scattered particles released from the target member and/or 
the plasma and which reduces the release amount of the 
scattered particles in the direction in which the X-ray is 
extracted. 

[Claim 6] The X-ray generator according to claims 1 to 5, 
further comprising: 

cooling means for cooling the scattered particle 
inhibiting member. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field of the Invention] The present invention 
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relates to an X-ray generator suitable for use in X-ray- 
devices such as an X-ray generator exposure device, an X- 
ray generator microscope, and an X-ray analysis device. 
[0002] 

[Related Art] It is known that when a target member 
disposed in a pressure-reduced vacuum container is 
irradiated with condensed laser light (one example of an 
exciting energy beam), the target member is rapidly formed 
into a plasma, and an X-ray having a very high luminance is 
radiated (released) from this plasma (the X-ray is 
generated) (such X-ray source is referred to as, e.g., a 
laser-plasma X-ray source (LPX)). 

[0003] When the X-ray is generated, the plasma releases 
scattered particles such as high-speed electrons and ions, 
and the target member releases scattered particles (e.g. , a 
gasified material, an ionized material, material small 
pieces, etc.) of a member material. The particles fly and 
scatter in the vacuum container (these will be hereinafter 
collectively referred to as the scattered particles). Such 
scattered particles collide with a clean optical face (e.g., 
X-ray optical element face) to break the face. 
Alternatively, the particles are attached or deposited to 
deteriorate or change functions or characteristics of the 
face. They have been large problems. 

[0004] To solve the problems, in a conventional method, a 
thin film (hereinafter referred to as the scattered 
particle inhibiting thin film or the X-ray extracting 
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filter) constituted of a substance (e.g.. Be) having a high 
X-ray transmittance ) is disposed between the X-ray source 
and the clean optical face. Accordingly, the scattered 
particles have been intercepted and prevented from reaching 
the clean optical face. As another method, the vacuum 
container is filled with a gas having a high X-ray 
transmittance and a small atomic number (e.g., an He gas), 
or a flow of the gas is formed in the container. 
Accordingly, the scattered particles are allowed to collide 
with gas molecules, and Inhibited (see Japanese Patent 
Application Laid-Open No. 63-292553). 

[0005] In a case where the vacuum container is filled 
with the gas, the scattered particles that have flown out 
of the plasma or the target member scatter together with 
the gas molecules, finally lose flying energy, and come 
into movement of the gas molecules. Moreover, the 
particles are attached to member surfaces in the vacuum 
container, and container wall faces. Alternatively, when 
the buffer gas is not only introduced but also discharged, 
the particles are discharged together with the gas 
molecules via a vacuum pump. 

[0006] In addition, when the thin film for inhibiting the 
scattered particles is disposed, the particles can be 
prevented from being attached or deposited onto the clean 
optical face, but instead the scattered particles are 
attached or deposited onto the thin film for inhibiting the 
scattered particles. Therefore, there is a problem that X- 
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ray transmittance of the thin film for inhibiting the 
scattered particles gradually lowers (intensity of the X- 
ray for use in the X-ray extracting direction lowers). In 
the method of filling the vacuum container with the gas 
(buffer gas) having the high X-ray transmittance and small 
atomic number or forming the flow of the gas to inhibit the 
scattered particles , there is a problem that the scattered 
particles cannot be necessarily effectively Inhibited. 
[0007] For example, when the target member is tantalum, 
many scattered particles are distributed in a direction of 
the normal to the target member surface in the sufficiently 
exhausted vacuum container (pressure of 10 Pa or less). 
Moreover, when the buffer gas for inhibiting the scattered 
particles is Introduced into the vacuum container, the 
scattered particles are reduced owing to the scattering due 
to the gas molecule in a direction in which many scattered 
particles are released, but the scattered particles also 
fly and scatter in a direction in which few scattered 
particles are released before the gas is introduced. 
[0008] Therefore, when the buffer gas is used to inhibit 
the scattered particles , a distribution of the release 
directions of the scattered particles is homogenized. This 
indicates that an effect obtained by introducing the gas is 
small or rather an opposite effect is exerted in the 
direction in which less scattered particles are released as 
compared with the direction in which more scattered 
particles are released. In general, the X-ray is extracted 



- 6/29 - 



JP-A-09-320792 



in the direction in which less scattered particles are 
released. There is a large problem that the gas 
Introducing effect is small or rather the opposite effect 
results in the X-ray extracting direction in which less 
scattered particles are released. 

[0009] Especially, in a case where in the vicinity of the 
plasma there is disposed a scattered particle control 
member which controls the direction distribution of the 
release amount of the scattered particles and which reduces 
the release amount of the scattered particles in the X-ray 
extracting direction, there is a large problem that the gas 
introducing effect is small or rather the opposite effect 
results in the X-ray extracting direction. To solve the 
problem generated in a case where the buffer gas is used to 
inhibit the scattered particles, the present applicant has 
proposed that a scattered particle inhibiting member be 
disposed adjacent to or in the vicinity of a solid angle 
area that passes the extracted X-ray so as not to Intercept 
the area, thereby inhibiting the scattered particles 
(Japanese Patent Application No. 7-127600). 
[0010] 

[Problem to be solved by the Invention] For example, as 
shown in FIG. 6, in a case where the buffer gas is 
introduced into a conventional X-ray generator in which a 
scattered particle inhibiting member 622 is disposed 
adjacent to or in the vicinity of a solid angle area 612 
that passes the extracted X-ray so as not to Intercept the 
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area, among the scattered particles generated by generating 
a plasma 602, the particles that have flown into the member 
622 lose energy when they collide with the gas molecules. 
The particles float in the member 622 and thereafter stick 
to the member 622. Thus, the particles are inhibited. 
[0011] Here, when a generation time interval of the 
plasma 602 is long, the floating scattered particles are 
diffused until the next plasma is generated. However, if 
the plasmas are generated at short time intervals for a 
long time, the scattered particles cannot be sufficiently 
diffused in the member 622. This results in an increase of 
density of the scattered particles floating together with 
the gas molecules in the member 622. 

[0012] As a result, the scattered particles reaching and 
sticking to an X-ray extracting window (one example of the 
clean optical face) Increase, and the X-ray transmittance 
of the X-ray extracting window 641 lowers owing to the 
attached scattered particles. Therefore, there is a 
problem that the X-ray source cannot be stably utilized. 
That is, even in a case where the vacuum container is 
filled with the buffer gas in this manner, and the 
scattered particle inhibiting member is disposed adjacent 
to or in the vicinity of the solid angle area that passes 
the extracted X-ray, when the plasmas are generated for a 
long time at short intervals, there is a problem that it is 
not possible to obtain a sufficient scattered particle 
inhibiting effect. 
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[0013] The present invention has been developed in view 
of such problem, and an object thereof is to provide an X- 
ray generator which uses a buffer gas for inhibiting 
scattered particles from a plasma X-ray source and which 
reduces inconvenient attachment and deposition of the 
scattered particles with respect to an X-ray extracting 
direction and which can be used stably for a long time as a 
result, even if plasmas are generated at short time 
intervals for a long time. 
[0014] 

[Means for solving the Problem] To this end, the present 
invention first provides "an X-ray generator which 
irradiates a target member in a pressure -reduced vacuum 
container with an exciting energy beam to form a plasma and 
extract an X-ray from the plasma and which uses a buffer 
gas for inhibiting scattered particles released from the 
target member and/or the plasma, the X-ray generator 
comprising: a scattered particle inhibiting member disposed 
adjacent to or in the vicinity of a solid angle area 
corresponding to a region in which the X-ray is extracted; 
and a scattered particle diffusing and inhibiting member 
having a movable part that can pass through the solid angle 
area ( claim 1 ) " . 

[0015] Moreover, the present invention secondly provides 
"an X-ray generator which irradiates a target member in a 
pressure-reduced vacuum container with an exciting energy 
beam to form a plasma and extract an X-ray from the plasma 
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and which uses a buffer gas for Inhibiting scattered 
particles released from the target member and/or the plasma, 
the X-ray generator comprising: a scattered particle 
intercepting member which has an opening to pass the 
exciting energy beam and another opening to pass the X-ray 
and which intercepts the scattered particles released from 
the target member and/or the plasma and which is disposed 
in the vicinity of the target member and the plasma; a 
scattered particle inhibiting member disposed adjacent to 
or in the vicinity of a solid angle area corresponding to a 
region in which the X-ray is extracted; and a scattered 
particle diffusing and inhibiting member having a movable 
part that can pass through the solid angle area (claim 2)". 
[0016] Furthermore, the present invention thirdly 
provides "the X-ray generator according to claim 1 or 2, 
wherein introducing and discharging of the buffer gas are 
controlled so as to bring the inside of the vacuum 
container into a predetermined pressure range (claim 3)". 
The present invention fourthly provides "the X-ray 
generator according to claims 1 to 3, further comprising: a 
mechanism which introduces the buffer gas into the solid 
angle area and which discharges the buffer gas together 
with the scattered particles from the solid angle area 
(claim 4)". 

[0017] Additionally, the present invention fifthly 
provides "the X-ray generator according to claims 1 to 4, 
further comprising: a scattered particle control member 
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which controls a direction distribution of a release amount 
of the scattered particles released from the target member 
and/or the plasma and which reduces the release amount of 
the scattered particles in the direction in which the X-ray 
is extracted (claim 5)". The present invention sixthly 
provides "the X-ray generator according to claims 1 to 5, 
further comprising: cooling means for cooling the scattered 
particle inhibiting member (claim 6)". 
[0018] 

[Mode for carrying out the Invention] In an X-ray 

generator of the present invention which uses a buffer gas 
for inhibiting scattered particles from a plasma X-ray 
source, a scattered particle inhibiting member is disposed 
adjacent to or in the vicinity of a solid angle area 
corresponding to a region in which the X-ray is extracted. 
Moreover, there is disposed a scattered particle diffusing 
and inhibiting member which has a movable part that can 
pass through the solid angle area and which diffuses and/or 
inhibits the scattered particles (claim 1). 
[0019] Therefore, even when the plasmas are generated at 
short time intervals for a long time, it is possible to 
reduce inconvenient attachment and deposition (attachment 
and deposition onto a thin film for inhibiting the 
scattered particles, a clean optical face or the like) of 
the scattered particles in the X-ray extracting direction. 
In the X-ray generator which uses the buffer gas for 
inhibiting the scattered particles from the plasma X-ray 
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source, in the vicinity of the target member and the plasma, 
there is disposed a scattered particle intercepting member 
which has an opening to pass the exciting energy beam and 
another opening to pass the X-ray and which intercepts the 
scattered particles released from the target member and/or 
the plasma. Furthermore, a scattered particle inhibiting 
member is disposed adjacent to or in the vicinity of a 
solid angle area corresponding to a region in which the X- 
ray is extracted. In addition, there is disposed a 
scattered particle diffusing and inhibiting member which 
has a movable part that can pass through the solid angle 
area and which diffuses and/or Inhibits the scattered 
particles (claim 2). 

[0020] Therefore, even when the plasmas are generated at 
the short time Intervals for a long time, it is possible to 
further reduce the Inconvenient attachment and deposition 
(attachment and deposition onto the thin film for 
Inhibiting the scattered particles, the clean optical face 
or the like) of the scattered particles in the X-ray 
extracting direction. Here, there is considered a case 
where as one example of a conventional scattered particle 
inhibiting member, a member is disposed adjacent to or in 
the vicinity of the solid angle area, the member having an 
open hole equivalent to (or substantially equivalent to) a 
cross -sectional face of the solid angle area corresponding 
to the region in which the X-ray is extracted. 
[0021] Even when such scattered particle inhibiting 
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member is disposed adjacent to the solid angle area, there 
is not any influence on the X-ray reaching the open hole 
equivalent to the cross -sectional face of the solid angle 
area, and an amount of the extracted X-ray does not change. 
On the other hand, the scattered particles which are to 
enter the solid angle area are more inhibited by the 
scattered particle inhibiting member. Therefore, it is 
possible to reduce the inconvenient attachment and 
deposition of the scattered particles in the X-ray 
extracting direction. 

[0022] The scattered particle inhibiting member which 
brings such effects may have such a shape as to prevent the 
scattered particles from entering the solid angle area, and 
the member is not limited to a plate- shaped member having 
the open hole. Strictly, the light quantity of the 
extracted X-ray lowers, but the above -described effects can 
be obtained even when the scattered particle inhibiting 
member is disposed in the solid angle area corresponding to 
the region in which the X-ray is extracted. For example, a 
very thin plate may be disposed along an optical path of 
the X-ray in the solid angle area. 

[0023] In addition, as described above, even in a case 
where the vacuum container is filled with the buffer gas, 
and the scattered particle inhibiting member is disposed 
adjacent to or in the vicinity of the solid angle area that 
passes the extracted X-ray, when the plasmas are generated 
at the short time Intervals for the long time, a problem 
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occurs that a sufficient scattered particle inhibiting 
effect cannot be obtained. Therefore, in the X-ray 
generator of the present invention, this problem is solved 
by further disposing the scattered particle diffusing and 
inhibiting member which has the movable part capable of 
passing the solid angle area and which diffuses and/or 
inhibits the scattered particles . 

[0024] FIG. 1 shows an arrangement of members of the X- 
ray generator (one example) of the present invention. In 
the X-ray generator shown in FIG. 1, a target material (one 
example of a target member) 101 is disposed in a vacuum 
container filled with a gas at an appropriate pressure. In 
the vicinity of a position where a plasma 102 is generated, 
there is disposed a scattered particle intercepting member 

121 which is a member having an opening to pass an exciting 
energy beam 111 and another opening to pass an X-ray and 
which intercepts the scattered particles released from the 
target member 101 and/or the plasma 102. 

[0025] Moreover, a scattered particle inhibiting member 

122 is disposed adjacent to or in the vicinity of a solid 
angle area 112 corresponding to a region to extract the X- 
ray. Furthermore, there is disposed a scattered particle 
diffusing and inhibiting member 133 which is a member 
having a movable part 132 capable of passing through the 
solid angle area and which diffuses and/or inhibits the 
scattered particles. Here, the scattered particle 
inhibiting member 122 is a duct-shaped member for 
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preventing the scattered particles from colliding with or 
being attached or deposited onto an X-ray extracting window 
(one example of a clean optical face) 123 disposed in the 
solid angle area 112. The member is disposed so as to 
surround the solid angle area 112 and the X-ray extracting 
window 123. 

[0026] Moreover, the scattered particle diffusing and 
inhibiting member 133 has a shape (blade 232 and shaft 231) 
shown in FIG. 2. The blade (one example of the movable 
part) 132 is constituted to rotate using a shaft 131 as a 
rotary shaft. In the X-ray generator shown in FIG. 1, most 
of the scattered particles released from the target member 
101 and/or the plasma 102 are intercepted by the scattered 
particle intercepting member 121. 

[0027] The scattered particles which have passed through 
the opening of the Intercepting member 121 to enter the 
scattered particle inhibiting member 122 lose energy while 
changing travel directions owing to scattering together 
with buffer gas molecules. The particles are finally mixed 
into movements of the gas molecules, and float in an inner 
space of the member 122. Moreover, the scattered particles 
floating in the space stick to the blade 133 (132) which 
rotates around the shaft 131 (scattered particle inhibiting 
effect ) , or are removed by means of movement of the 
scattered particle diffusing and inhibiting member 133 
(scattered particle diffusing effect). Therefore, a 
scattered particle density is kept to be low in the inner 
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space of the Inhibiting member 122. 

[0028] Moreover, the removed scattered particles are 
adsorbed by the inhibiting member 122. That is, the above- 
described functions of the members 122 and 133. or 121, 122, 
and 133 largely reduce the amount of the scattered 
particles reaching the X-ray extracting window 103 (123) as 
compared with a case where these members are not disposed. 
As described above, according to the X-ray generator of the 
present invention, even in a case where the plasmas are 
generated at the short time Intervals for the long time, 
the inconvenient attachment and deposition of the scattered 
particles are reduced in the X-ray extracting direction. 
As a result, the device can be stably used for a long time 
( claims 1.2). 

[0029] In the present invention, the movable part (e.g.. 
blade 132) of the scattered particle diffusing and 
inhibiting member 133 passes through the solid angle area 
112 in which the X-ray is extracted. Therefore, when the 
movable part is disposed in the solid angle area 112 in a 
case where the X-ray is generated, the part intercepts the 
X-ray. thereby lowering the light quantity of the X-ray. 
Therefore, it is preferable to control a period of an 
operation (e.g., rotation) of the movable part (e.g., the 
blade 132) so that the movable part of the scattered 
particle diffusing and inhibiting member 133 does not exist 
in the solid angle area 112 when the X-ray is generated. 
[0030] For example, the movable part of the member 133 
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does not have to pass through the solid angle area 112 
every time the plasma is generated. The part may pass once 
in several to several tens of times when the plasmas are 
generated as long as the density of the scattered particles 
does not become high in the inner space of the scattered 
particle Inhibiting member 122. It is to be noted that in 
a case where a certain degree of drop in the X-ray light 
quantity is acceptable, there may be no correlation between 
the generation time of the plasma and the movable (e.g. , 
rotatable) period of the member 133. This is because the 
X-ray in the same area might be constantly intercepted in a 
case where there is a correlation between the plasma 
generation time and the movable period of the member 133. 
[0031] The influences are further reduced in an 
application requiring a plurality of times of irradiations 
with the X-ray as in the X-ray exposure device or the like. 
In the present Invention, the movable part (e.g.. the blade . 
132) of the scattered particle diffusing and inhibiting 
member 133 can preferably pass through an area (space) as 
broad as possible in the solid angle area 112 in which the 
X-ray is extracted in order to improve the scattered 
particle diffusing and inhibiting effect. For example, the 
shape shown in FIG. 2 is more preferable than that shown in 
FIG. 3. 

[0032] In the present invention, the introducing and 
discharging of the buffer gas are preferably controlled so 
as to bring the inside of the vacuum container into a 
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predetermined pressure range, so that an appropriate X-ray 
light quantity or an appropriate scattered particle 
inhibiting effect is obtained (claim 3). In the present 
invention, the buffer gas preferably absorbs less X-ray 
having a wavelength for use (to be extracted). The gas 
which absorbs less X-ray fro use may be selected from gases 
such as helium, oxygen, nitrogen, air. argon, and krypton. 
[0033] In the X-ray generator of the present invention, a 
mechanism is preferably further disposed which introduces 
the buffer gas into the solid angle area in which the X-ray 
is to be extracted and which discharges the buffer gas 
together with the scattered particles from the solid angle 
area (claim 4). According to such constitution, the 
introduced buffer gas diffuses the scattered particles in 
the solid angle area in which the X-ray is to be extracted, 
and the buffer gas can be discharged to the outside 
together with the diffused scattered particles. Therefore, 
it is possible to further reduce the inconvenient 
attachment and deposition of the scattered particles in the 
X-ray extracting direction. 

[0034] In the X-ray generator of the present Invention, a 
scattered particle control member is further disposed which 
controls a direction distribution of a release amount of 
the scattered particles released from the target member 
and/or the plasma and which reduces the release amount of 
the scattered particles in the direction in which the X-ray 
is extracted. This Is preferable because the scattered 
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particle inhibiting effect is improved in the X-ray 
extracting direction (claim 5). 

[0035] As a material for use in such scattered particle 
control member, a material having a high melting point or a 
high hardness is preferable, such as tantalum, tungsten, 
diamond, ceramic, or stainless steel. This prevents the 
release of the member material due to collision of the 
member surface with ions or electrons flying from the 
plasma, because the scattered particle control member is 
disposed in the position very close to the plasma. That is, 
this prevents the inconvenient attachment and deposition of 
the released member material in the same manner as in the 
scattered particles . 

[0036] The present invention is preferably further 
provided with cooling means for cooling the scattered 
particle inhibiting member, so that the member easily 
adsorbs the scattered particles, thereby Improving the 
inhibiting effect (claim 6). Alternatively, to easily 
adsorb the scattered particles, the surface of the 
scattered particle inhibiting member is preferably worked 
(e.g., delusterlng) . In the present invention, a shape of 
the target member is preferably a tape shape which can be 
wound up, but another shape may be used such as a plate 
shape, a bulk shape, a columnar shape, or a particulate 
shape. As a material of the target member, Ta, W or the 
like is preferable. 

[0037] The present invention will be described 
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hereinafter in more detail in accordance with embodiments, 
but the present invention is not limited to these 
embodiments. 
[0038] 

[Embodiment] FIG. 4 shows a schematic partial 

constitution diagram of an X-ray generator of the present 
embodiment in which tape-shaped tantalum is used as a 
target member and an X-ray having a wavelength of 14 nm is 
extracted. While YAG laser light (one example of an 
exciting energy beam) 411 is condensed by a condensing lens 
445, the light passes through an incidence window 442 to 
enter a vacuum container 443, and is condensed on the 
surface of a tantalum target (one example of a target 
member) 401. 

[0039] The tantalum target 401 has a tape shape having a 
thickness of 15 urn. A reel 403 is rotated by driving means 
(e.g., motor, not shown) to wind up the tantalum tape 
during plasma generation so that the laser light is not 
repeatedly condensed on the same position of the tape. A 
movement speed of the tantalum tape is a speed of the 
movement of the tape by a distance which is not less than a 
diameter of a hole made in the tantalum tape owing to the 
plasma generation from a time when one plasma is generated 
until the laser light is emitted to generate the next 
plasma. 

[0040] The YAG laser is emitted and condensed onto the 
tantalum tape target 401 at an incidence angle of 45 
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degrees to generate the plasma 402. The X-ray generated 
from the plasma is guided into an X-ray optical system from 
an X-ray extracting window (one example of a clean optical 
face) 441 disposed in a direction of 45 degrees on a side 
opposite to the YAG laser. In the vicinity of the plasma 
402 , there is disposed a scattered particle intercepting 
member 421 having openings capable of passing the YAG laser 
411 entering the target 401 and the extracted X-ray, 
respectively. Most of the scattered particles released 
from the target 401 and/or the plasma 402 are intercepted 
by the scattered particle intercepting member 421. 
[0041] Moreover, between the vicinity of the opening for 
extracting the X-ray and the vicinity of the X-ray 
extracting window in the scattered particle intercepting 
member 421, a scattered particle inhibiting member 422 is 
disposed adjacent to or in the vicinity of a solid angle 
area 412 corresponding to a region in which the X-ray is 
extracted. Here, the scattered particle inhibiting member 
422 is a duct-shaped member for preventing collision, 
attachment, or deposition of the scattered particles with 
respect to the X-ray extracting window 441 disposed in the 
solid angle area 412. The member is disposed to surround 
the solid angle area 412 and the X-ray extracting window 
441. 

[0042] A Kr gas is introduced and discharged as a buffer 
gas in the vacuum container 443, and controlled so as to 
retain a pressure of 0.1 Torr. The Kr gas has a 
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transmittance with respect to the X-ray having a wavelength 
of 14 nm, the transmittance being substantially equal to 
that of He under an equal pressure. As to the scattered 
particles which are not intercepted by the intercepting 
member 421 and which pass through the opening to enter the 
scattered particle inhibiting member 422, they lose energy 
while changing travel directions owing to scattering with 
buffer gas molecules. They are finally mixed in movements 
of the gas molecules, and float in an inner space of the 
member 422. 

[0043] Moreover, in a space 444 adjacent to the inner 
space of the member 422, there is disposed a scattered 
particle diffusing and inhibiting member 433 which is a 
member having a blade (one of a movable part) 432 capable 
of passing through the solid angle area 412 and which 
diffuses and/or inhibits the scattered particles. The 
member 433 has a shape shown in FIG. 2, and is provided 
with a mechanism (not shown) in which the blade 432 rotates 
around a shaft 431 in vacuum. 

[0044] The plasma 402 is repeatedly generated at a 
frequency of 10 Hz, and the blade 432 of the member 433 
rotates around the shaft 431 as a rotary shaft five times 
per second. The member 433 has two blades 432, and the 
blade 432 passes through the solid angle area 412 in which 
the X-ray is extracted from a time when one plasma is 
generated until the next plasma is generated. 
[0045] Here, an oscillation timing of the YAG laser 411 
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is controlled with a correlation with a position of the 
blade 432 of the member 433, and controlled so that any 
plasma is not generated, when the blade 432 is disposed in 
a position (in the solid angle area) that interrupts the X- 
ray. When the scattered particles lose energy owing to the 
scattering with the gas molecules , and float in the inner 
space of the member 422, they stick to the blade 432 
rotating around the shaft 431 (scattered particle 
inhibiting effect), or they are removed by the rotating 
blade 432 (scattered particle diffusing effect). Therefore, 
a scattered particle density is kept to be low in the inner 
space of the member 422. 

[0046] The Kr gas is introduced and discharged in the 
space 444 provided with the member 433 and the inner space 
of the scattered particle inhibiting member 422 separately 
from the whole vacuum container 443. Therefore, the 
scattered particles removed via the rotating blade 432 are 
quickly diffused and adsorbed by the inhibiting member 422. 
Therefore, an amount of the scattered particles reaching 
the X-ray extracting window 441 remarkably decreases. 
[0047] As described above, according to the X-ray 
generator of the present embodiment, even in a case where 
the plasmas are generated at short time intervals for a 
long time, it is possible to reduce Inconvenient attachment 
and deposition of the scattered particles in the X-ray 
extracting direction. As a result, the device can be used 
stably for the long time. In the present embodiment, the 
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member 433 has the shape shown in FIG. 2, and rotates 
around the shaft five times per second, but the shape and 
the movement speed are not limited to them. 
[0048] Moreover, the number of the blades is not limited 
to a pair (two blades). As shown in FIG. 5, a scattered 
particle diffusing and inhibiting member 533 having a 
plurality of pairs of blades may lower a density of 
scattered particles in each space where each pair of blades 
are positioned. 
[0049] 

[Effect of the Invention] As described above, according 

to an X-ray generator of the present invention, even when 
plasmas are generated at short time interval for a long 
time, it is possible to reduce inconvenient attachment and 
deposition of scattered particles in an X-ray extracting 
direction. As a result, the device can be used stably for 
a long time. 

[BRIEF DESCRIPTION OF THE DRAWING] 

[FIG. 1] It is a schematic constitution diagram 
showing members of an X-ray generator (one example) of the 
present invention. 

[FIG. 2] It is a schematic perspective view 
showing one example of a scattered particle diffusing and 
inhibiting member in the present invention. 

[FIG. 3] It is a schematic perspective view 
showing an example of an unfavorable shape of the scattered 
particle diffusing and Inhibiting member in the present 
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invention . 

[FIG. 4] It is a schematic constitution diagram 
showing an X-ray generator of an embodiment. 

[FIG. 5] It is a schematic constitution diagram 
showing an X-ray generator of another embodiment. 

[FIG. 6] It is a schematic constitution diagram 
of a conventional X-ray generator. 
[DESCRIPTION OF REFERENCE NUMERALS] 

101, 401, 501, 601 target member 

102, 402, 502, 602 plasma 

111, 411, 511, 611 exciting laser light (one example of an 
exciting energy beam) 

112, 412, 512, 612 solid angle area corresponding to a 
region to extract X-ray 

121, 421, 521, 621 scattered particle intercepting member 

122, 422, 522, 622 scattered particle inhibiting member 

131, 231, 331. 431. 531 shaft (one example of a 
constituting element of a scattered particle diffusing and 
inhibiting member) 

132, 232, 332, 432, 532 blade (one example of a movable 
part of the scattered particle diffusing and inhibiting 
member) 

133, 433, 533 scattered particle diffusing and Inhibiting 
member 

123, 441, 541, 641 X-ray extracting window (one example 
of a clean optical face) 

442, 542, 642 incidence window 
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443, 543, 643 vacuum container 

444, 544 space adjacent to an inner space of the 
scattered particle inhibiting member 

445, 545, 645 YAG laser condensing lens 
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[AMENDED CLAIMS] 

[Claim 1] An X-ray generator which uses a buffer gas for 
forming a target member into a plasma to extract an X-ray 
and for inhibiting released scattered particles, the X-ray 
generator comprising: 

a scattered particle inhibiting member disposed 
adjacent to or in the vicinity of a solid angle area 
corresponding to a region in which the released scattered 
particles extract the X-ray; and 

a scattered particle diffusing and inhibiting 
member having a movable part capable of passing through the 
solid angle area. 

[Claim 2] The X-ray generator according to claim 1. 
further comprising: 

a scattered particle intercepting member having an 
opening to pass an exciting energy beam which forms the 
target member into the plasma and an opening to pass the X- 
ray and disposed in the vicinity of the target member and 
the plasma so as to intercept the scattered particles . 
[Claim 3] The X-ray generator according to claims 1 and 2. 
wherein timings of an operation of the scattered particle 
diffusing and inhibiting member and generation of the X-ray 
are controlled so that the scattered particle diffusing and 
inhibiting member does not exist in the solid angle area 
during the X-ray generation. 

[Claim 4] The X-ray generator according to claims 1 to 3, 
wherein timings of an operation of the scattered particle 
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diffusing and inhibiting member and generation of the X-ray- 
are controlled so that there is not any correlation between 
an X-ray generation time and the operation of the scattered 
particle diffusing and inhibiting member. 

[Claim 5] The X-ray generator according to claims 1 to 4, 
wherein the scattered particle diffusing and inhibiting 
member has a blade shape, and is structured to be rotatable 
around a rotation shaft. 

[Claim 6] The X-ray generator according to claim 5, 
further comprising: 

a plurality of blade- shaped scattered particle 
diffusing and inhibiting members. 

[Claim 7] The X-ray generator according to claims 1 to 6, 
wherein Introducing and discharging of the buffer gas are 
controlled so as to bring the inside of the vacuum 
container into a predetermined range. 

[Claim 8] The X-ray generator according to claims 1 to 7, 
further comprising: 

a mechanism which introduces the buffer gas into 
the solid angle area and which discharges the buffer gas 
together with the scattered particles from the solid angle 
area. 

[Claim 9] The X-ray generator according to claims 1 to 8 , 
wherein the buffer gas contains one of helium, oxygen, 
nitrogen, air, argon, and krypton. 

[Claim 10] The X-ray generator according to claims 1 to 9 , 
further comprising: 
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a scattered particle control member which controls 
a direction distribution of a release amount of the 
scattered particles released from the target member and/or 
the plasma and which reduces the release amount of the 
scattered particles in the direction in which the X-ray is 
extracted. 

[Claim 11] The X-ray generator according to claims 1 to 10, 
wherein the scattered particle control member is made of a 
material containing one of tantalum, tungsten, diamond, 
ceramic, and stainless steel. 

[Claim 12] The X-ray generator according to claims 1 to 11, 
further comprising: 

cooling means for cooling the scattered particle 
inhibiting member. 

[Claim 13] The X-ray generator according to claims 1 to 12, 
wherein at least a part of the surface of the scattered 
particle inhibiting member is subject to delusterlng. 
[Claim 14] An X-ray exposure device which uses the X-ray 
generator according to claims 1 to 13 in an X-ray source. 
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